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Statistical physics constitutes one of the pillars of contemporary physics. 
Nonextensive statistical physics is the deploitation and extension of the conventional 
statistical physics. The new theory can be used to deal with some complex systems 
which include long-range interactions and/or long-duration memory. It can be used 
to describe some abnormal experimental phenomena that cannot be explained by the 
theory of the conventional statistical physics. Although the nonextensive statistical 
physics has been researched for many years, some basic problems have not been 
solved up to now, and consequently, have affected the development and 
improvement of nonextensive statistics. Several basic problems in nonextensive 
statistical physics, the thermodynamic properties of confined and generalized Fermi 
gases and self-similar motion modeling anomalous diffusion and nonextensive 
statistic distribution are investigated in this dissertation. The main contents are 
organized as follows. 
The background of the nonextensive statistical physics is simply introduced in 
chapter 1. Firstly, the development processes of conventional statistical physics are 
introduced and its limitations are clarified. Then, the concept and mathematical 
conformation of nonextensive entropy are put forward. Finally, some main properties 
of the nonextensive entropy and its applications are discussed. 
Some basic problems in incomplete statistics (IS) are discussed in chapter 2. 
On the basis of the entropy of incomplete statistics and the joint probability 
factorization condition, two controversial problems existing in IS are investigated, 
where one is what the correct expression of the internal energy for a composite 
system is and the other is whether the zeroth law of thermodynamics is true or not. 
The expression of the internal energy of a composite system are correctly derived 
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law of thermodynamics is still true in IS. 
In chapter 3, the problem about the expression of probability distribution in IS 
is analyzed. In order to overcome the limitations of the original expression of the 
probability distribution appearing in IS, a new expression of the probability 
distribution is derived, where the Lagrange multiplier β  introduced here is proved 
to be identical with that introduced in the second and third choices for the internal 
energy constraint in Tsallis’ statistics and to be just equal to the physical inverse 
temperature. It is expounded that the probability distribution described by the new 
expression is invariant through uniform translation of the energy spectrum. Moreover, 
several fundamental thermodynamic relations are given and the relationship between 
the new and the original expressions of the probability distribution is discussed. 
In chapter 4, the inherent correlations between thermodynamics and statistical 
physics in extensive and nonextensive systems are investigated. With the help of a 
generalized expression of the entropies, some extensive and nonextensive statistical 
physics are unified and described by a general method. It is found that for a 
reversible isothermal process, the some information contained in the first and second 
laws of thermodynamics and the MaxEnt approach is equivalent. Moreover, it is 
expounded that the different functional forms may be used to derive some 
conclusions appearing in in nonextensive and extensive statistics and calculate the 
generalized forces of some interesting systems. 
The thermostatistic propertites of a q-generalized Fermi system trapped in a 
generic power-law potential are studied in chapter 5, based on the generalized 
statistical distribution derived from Tsallis’ entropy. The total number of particles, 
total energy, and heat capacity at constant volume of the system are derived. The 
thermostatistic characteristics of the system are discussed in detail. It is found that the 















dimensional number of the space, kinetic characteristics of particles and shapes of the 
external potential, and the external potential has a great influence on the 
thermostatistic properties of the system. Moreover, it is shown that the results 
obtained here are very general and can be used to describe the nonextensive and 
extensive thermostatistic properties of a class of Fermi systems trapped in different 
external potentials in a unified way so that the important conclusions of many typical 
Fermi systems in literature may be directly derived from the present paper.  
We introduce a new universality class of one-dimensional iteration model giving 
rise to self-similar motion in chapter 6. The curves of the mean-square displacement 
versus time show that the motion is a kind of anomalous diffusion with the diffusion 
coefficient depending on the self-similar rates. Moreover, it is found that the 
distribution of displacement agrees to a reliable precision with the q-Gaussian type 
distribution in some cases and bimodal distribution in some other cases. The results 
show that the self-similar motion may be used to investigate anomalous diffusion and 
nonextensive statistical distributions. 
The conclusions obtained in the present dissertation may provide some 
guidances for the further investigation of theories and applications in nonextensive 
statistical physics. 
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